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MODERN IC AMPLIFIERS, WITH ULTRALOW HARMONIC 
DISTORTION, CAN IMPROVE DYNAMIC RANGE IN A 
VARIETY OF APPLICATIONS. HOWEVER, PLACING THESE 
AMPLIFIERS ON A PC BOARD REQUIRES SPECIAL 
ATTENTION, BECAUSE POOR PC-BOARD LAYOUT CAN 
DEGRADE DISTORTION BY AS MUCH AS 20 dB. 

Proper pc-board layout 
improves dynamic range 



Typical high -speed- amplifier configurations 
include two sets of bypass capacitors (Figure 1). 
One set of capacitors is large (approximately 1 
to 10 jxF), and the other pair is smaller by a few or- 
ders of magnitude (1 to 100 nF). These capacitors 
provide a low-impedance path from the power sup- 
ply to ground at frequencies at which the amplifi- 
er's power-supply rejection is low. Properly bypass- 
ing a high-speed amplifier usually requires two or 
more sets of capacitors, because the self-resonance 
of the larger capacitor set usually occurs before the 
upper threshold of the amplifier s bandwidth. High- 
quality chip capacitors are ideal for decoupling, be- 
cause they have far less inductance than through- 
hole capacitors. 

Resistor R f terminates the input of the amplifier 
to match the impedance of the source to that of 
the test equipment you're using for the meas- 
urements. In an application circuit that is not us- 
ing a transmission line, the termination resistor is 
unnecessary. In the figure, the output of the ampli- 
fier is driving a load R, , which represents any possi- 
ble load the amplifier might have to drive. When the 
output voltage of the amplifier is positive, the 
amplifier must source current into R { . Likewise, 
when the output voltage is negative, the amplifier 
must sink current. Regardless of whether the am- 
plifier sources or sinks this current through the load, 
it must somehow make its way back to the power 
supply. In doing so, the current follows the path of 
least impedance. 

At high frequencies, the lowest impedance path 
goes through the bypass capacitors. As the amplifi- 
er sources and sinks high-frequency current, that 
current flows through various loops. The ground of 



the upper bypass capacitor sources the current into 
the op amp, and sinking current flows from the op 
amp through the lower bypass capacitor to ground. 
Each of the high-frequency currents flowing 
through the bypass capacitors is half- wave-rectified. 
Realizing how these high-frequency currents flow is 
the key to effective bypassing. 
An example circuit contains a high-speed ampli- 




A typical high-speed-op-amp configuration contains two sets of bypass capacitors, 



Figure 2 
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Standard bypassing results depend highly on layout. 
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fier driving an equivalent l-kll load, 
which an attenuator forms to maintain 
a 500 back termination for testing (Fig- 
ure 2). The input also terminates to 50X2 
to match the source you use. Different 
layouts for the schematic create different 
distortion measurements (figures 3 and 
4). Analyzing the high-frequency current 
loops on the layouts can help explain 
these second-order harmonic-distortion 
differences (Figure 5). 

In the degraded situation that Figure 
3's layout creates, the supply runs reside 
on the back of the board; this fact means 
that vias (through holes from one f 
layer of a pc board to another) exist 
after the bypass capacitors. These vias 
add inductance to the high-frequency 
current loops. When the amplifier is 
sinking current, this current returns to C, 
and C 4 through a solid ground plane. 
However, as the amplifier sources cur- 
rent, the current passes through two sets 
of inductive vias before returning to C x 
and C v 

These inductances can create consid- 
erable incremental impedance at high 
frequencies. As high-frequency currents 
pass through these impedances, error 
voltages develop. Because the high-fre- 
quency currents are half-wave-rec- ra- 
tified, the error voltages are also 
half- wave-rectified. Half- wave-rectified 
signals carry a large amount of even-or- 
dered harmonic content, causing dis- 
tortion of the second-order harmonic, 
and the third harmonic remains un- 
changed. 

Conversely, with Figure 4s improved 
layout, the power supplies bypass on the 




Figure 3 



Back-side-power-supply runs require vias, which create incremental inductance. 
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Figure 4 



Front-side-power-supply runs don't increase distortion. 



front of the board, so no vias exist after 
the bypass capacitors. Also, the load 
grounds close to both of the decoupling 
networks, so no vias are present in the 
path of high-frequency current that the 
amplifier sources and sinks. This im- 
proved pc-board layout results in a 3- to 



18-dBc improvement in second-order 
harmonic distortion. This improvement 
occurs over a range of frequencies. 

DIFFERENTIAL BYPASSING 

Bypassing schemes are useful in avoid- 
ing grounding issues. You can modify 
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Figure 1 so that one set of bypass capac- 
itors (£. and C) connect across the pow- 
er supplies, and the other set (C, and C 4 ) 
remains connected between one supply 
and ground. 

Configurations such as this one make 
it easier to physically ground the bypass 
capacitors and the load at the same place 
on the pc board. Grounding the load and 
bypass capacitors together minimizes the 
inductance between these grounds. As a 
result, you minimize error voltages that 
high-frequency ground currents can 
form. Also, the high-frequency currents 
combine before returning from or going 
to the load. As a result, they are not half- 
wave-rectified as is the case with standard 
bypassing, and, consequently, they con- 
tain little even-ordered harmonic con- 
tent. Therefore, an error voltage that de- 
velops in the current path does not 
increase distortion. 

You can achieve significant improve- 
ment in distortion by applying this tech- 
nique to a poor bypassing layout (Figure 
6). Remember to keep bypass runs short 
and to minimize the use of vias. Where 
you require a via, keep in mind that two 
vias in parallel have half the inductance 
of one via. The inductance of a via also 
decreases as you increase its diameter. 
This scheme may prove particularly use- 
ful at closed-loop gains greater than 1, 
when you also need to ground the feed- 
back network. In this case, the feedback 
network is effectively part of the ampli- 
fier load. High-frequency current flow- 
ing in the feedback network also returns 
to the supply by way of the bypass ca- 
pacitors. As a result, you also need to lo- 
cate the feedback network's ground in a 
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Figure 



A long load-current return path can also degrade the signal. 




way that minimizes inductance added to 
the bypass capacitors. 

LOAD-GROUND-CURRENT EFFECTS 

The previous example discusses the ef- 
fect that poor bypass-ground placement 
has on harmonic distortion. Evaluating 
the high-frequency current paths sug- 
gests that the placement of the load 
ground will also likely have an impact. 
For long load-current return paths, the 
100(1 load comprises a 49.90 back- ter- 
mination resistor and a 50O resistor 
(Figure 7). The 50O resistor is the input 
impedance of the spectrum analyzer you 
use to make the measurements. The 
transmission line is approximately 1 in. 
of 50O pc-board trace in series with 6 in. 
of high-quality, 50O coaxial cable. High- 
frequency sourced and sunk current 
must travel in a Iong> inductive loop 
comprising the 100O load, the bypass ca- 
pacitors, the transmission line, and the 
output stage of the amplifier. 

For short load-current return paths, 
replace the 49. 90 resistor with a 9760 
resistor; connect a 1 140 resistor on its 
left side to ground and a 52. 30 resistor 
on its right side to 
ground. This circuit 
achieves the same 
100O effective load 
for the amplifier, 
and a long path still 



exists to the 50O termination of the spec- 
trum analyzer. However, most of the load 
current now has a short return path to 
the bypass capacitors, thanks to the 1 140 
resistor. This short return path is much 
less inductive than the long path in the 
previous example. Less inductance leads 
to fewer developing error voltages as 
high-frequency current flows in these 
loops. Although this configuration is un- 
usable when driving back-terminated 
lines, it still optimizes an amplifier's abil- 
ity to drive heavy loads, such as the low- 
impedance feedback networks that occur 
in low-noise configurations. 

A comparison of the second-order 
harmonic distortion for these two load- 
current return paths reveals that a long 
return path for load current increases the 
size of the high-frequency current loops 
(Figure 8). Because the loops are longer, 
they are likely to be more inductive. 
High-frequency, half-wave-rectified cur- 
rents returning to and from the load by 
way of the bypass capacitors develop er- 
ror voltages. The fact that these error 
voltages are half- wave- rectified affects 
the second-order harmonic distortion. 
This example shows the importance of 
keeping high-frequency current paths as 
short as possible by not unnecessarily 
grounding the load far away from the 
amplifier. 

The pinout of the amplifier, which, un- 
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Figure 9 



Figure a 



Shorter load-current return paths create less 
second-order harmonic distortion. 



A standard 
SO -8 pinout 




results in mutual inductance 
coupling. 



Figure 10 

More mod- 
ern pin-outs rotate every pin 
counterclockwise one position. 
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fortunately, is difficult for users 
to change, can also have a sub- 
stantial effect on distortion. 
Degradation arises from the 
fact that, with a standard SO-8 
pinout, the negative power 
supply resides directly next to 
the noninverting input of the 
amplifier (Figure 9). When 
current sinks into the amplifi- 
er, it winds up flowing out of 
the negative supply. This cur- 
rent, dl s , creates a magnetic 
field, B, which couples the neg- 




ative-supply pin to the non- f 
inverting input. Coupling 
these two pins can induce error 
current, dl jp , in the noninverting input. 

Lenz's Law states that the direction of 
this current is opposite to the field that 
created it. This error current, in turn, 
produces an error voltage, which appears 
during half of each cycle, because — V s 
provides load current only half the time. 
This situation creates an asymmetry in 
the output voltage and results in degrad- 
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Your choice of pinout can notably affect second-order 
harmonic distortion. 



ed even-ordered distortion. Some ampli- 
fiers feature a rotated pinout that moves 
the negative-supply pin away from the 
noninverting input (Figure 10). 

Users will most likely see the effect that 
package pinouts can have on distortion 
when driving a low-impedance load. 
This scenario occurs because the amount 
of current flowing is greater, thereby 



making dl s _ greater (Fig- 
ure 11). Increasing the 
closed -loop gain of the sys- 
tem makes the error appear 
larger at the output, but it 
may not incrementally de- 
grade distortion, because a 
decrease in loop gain has 
already caused degrada- 
tions 
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Talk to us 

Post comments via TalkBack at the online 
version of this article at www.edn.com. 
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he graphite we are talking about is our 
newly developed cGraf ', and it is slightly 
more complex than 
what is inside the 
No. 2 pencil in your drawer. 
Dm you know what cGraf 
can do when it comes 
10 thermal issues in 
todays increasingly 
smaller electronics? Let 
us break it down for you. 
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Since eGraf is anisotropic, it 
moves heat direetionally. Copper 
and aluminum cannot do this. It is nearly impossible 
to control how they transfer heat. Heat sinks and 
other components made of eGraf move heat, in an 
orderly fashion, wherever you need it to go. 



With today's more 
compact designs, 
engineers are 
running out of 
room for bulky 
fans. Good 
riddance. We 
P have something 
— new called 




eGraf SpreaderShield.' It can be cut or formed 
to fit into virtually any application. It can be 
tailored up to 500 W/mK. We have 
already helped make laptops 
thinner, cell phones slimmer 
and designers happier. 



We matte this poswbie. 



And since eGraf is 70% lighter than 
copper and 30% lighter than aluminum, 
it is ideal for weight-sensitive applications. 
The weight savings also allow you to cut 
down on the hardware previously needed to 
mount heavier thermal devices. 



And yet there is another advantage eGraf has 
over aluminum and copper. eGraf offers a more 
cost-effective alternative to 
traditional electronic 
thermal management 
materials. 



There you have it: a 
brief overview of why 
eGraf is a belter choice 
to keep the heat off your 
designs and subsequently 
off you. But we have a 
lot more to tell you about 
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our revolutionary uses for graphite. We will 
even send you a free sample in both pencil 
and eGraf forms. Just give us a call, 
drop us an email, visit our website 
or fill out the form below. 




hterti n copper 
3<T* lighter Inn rflu^.inurn. 
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My company is; . 

My PRJ i | tuple* ca?i he mailed k 



an hi telephoned at: 

electronically mailed ai. .. # 



Please mail to: 

Free eGraf Sample 

12900 Snow Road 
Parma. Oil 44 HO 



phone: (H00) 2 jl HOOH 
lax: ('HO ££4886 
email: irtfr.il ahech.com 
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Enter 46 at www.edn.com/info 
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